The study examined the effects of the sowing date (5, 15 and 25 May) and plant spacing (1 × 0.6 m, 1 × 0.8 m and 1 × 1 m) on the content of carotenoids and L-ascorbic acid in the fruits of two cultivars of spaghetti squash ('Makaronowa Warszawska' and 'Pyza'). The field experiment was carried out in central-eastern Poland. Fully mature spaghetti squash fruits were harvested from the beginning of September to the beginning of October. The content of total carotenoids and β -carotene was the greatest in the fruits of plants sown on 15 May. The sowing date did not affect the content of L-ascorbic acid. Increasing the plant spacing from 1 × 0.6 m to 1 × 1 m resulted in an increase of total carotenoid content, particularly for the spaghetti squash sown on 25 May. Plant spacing did not have a significant effect on the content of β-carotene and L-ascorbic acid. Fruits of the 'Makaronowa Warszawska' with light orange flesh contained more total carotenoids and β-carotene than fruits of the 'Pyza' with cream-coloured flesh. The content of L-ascorbic acid in the fruits of both cultivars did not differ significantly.
INTRODUCTION
Vegetables play an important role in human nutrition. A diet rich in vegetables provides many biologically active compounds, which fulfil an important role in preserving health and in the prevention of various diseases (Janeczko 2003 , Lipecki and Libik 2003 , Cieślik 2009 ). Vegetables are a main source of ascorbic acid and carotenoids. As strong antioxidants and free radical scavengers, ascorbic acid and carotenoids are particularly important for human health, preventing many cancers and cardiovascular diseases. Their healthpromoting importance results not only from their antioxidant properties, but also from their participation in numerous metabolic processes that strengthen the immunological system of the body (Naidu 2003, Kopsell and Kopsell 2006) . Cucurbits, including pumpkin and squash, are a rich source of carotenoids, particularly β-carotene, and ascorbic acid (Murkowic et al. 2002 , Janeczko 2003 , Cieślik 2009 , Perkins-Veazie 2010 . In general, pumpkin contains more carotene and ascorbic acid than squash (Danilchenko 2002 , Murkovic et al. 2002 , Biesiada et al. 2006 . Pumpkin is a vegetable that is not as popular in Poland as zucchini and summer *Corresponding author.
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squash. The accumulation of carotenoids and ascorbic acid in vegetables depends not only on the species, but also on many pre-and post-harvest factors. Amongst the pre-harvest factors, light intensity and temperature are the most important in determining the final ascorbic acid and carotenoid content in vegetables (Lee and Kader 2000 , Kopsell and Kopsell 2006 , Lester 2006 . The aim of the study was to determine the effect of the sowing date and plant spacing on the content of carotenoids and L-ascorbic acid in the fruits of spaghetti squash. Although spaghetti squash is still little known in Poland, it may contend with zucchini and summer squash. Its long fruits have flesh made of fibres arranged crosswise to the axis of the fruit, which, after cooking, form spaghetti-like threads. Some researchers have discussed the effects of agronomic factors on the chemical composition of various species of squash, but there are few studies concerning spaghetti squash (Paris 1993 , Danilchenko 2002 , Wojdyła et al. 2007 ).
MATERIAL AND METHODS
The study was carried out in [2007] [2008] [2009] 
RESULTS AND DISCUSSION
Meteorological conditions during the spaghetti squash vegetation period had a significant effect on the content of carotenoids and L-ascorbic acid in the fruits (Tabs 2-4). The highest content of carotenoids and, at the same time, the lowest content of L-ascorbic acid were recorded in 2009, with the highest average air temperature and the lowest amount of precipitation in September, in the fruit ripening period. In that year, the content of total carotenoids and of β -carotene was on average over three times higher, while L-ascorbic acid content was lower by about 12 mg kg -1 f.m. (19%) than in the other years of the study. Rainy, cloudy and cool conditions decrease ascorbic acid and carotene levels in most vegetables (Lee and Kader 2000 , Kopsell and Kopsell 2006 , Lester 2006 , which was confirmed by the present study. Rainfall effects are primarily due to a combination of light and temperature.
The sowing date of spaghetti squash had a significant effect on the content of carotenoid compounds in fruits. The highest content of total carotenoids and β -carotene was found in plants sown on 15 May (Tabs 2 and 3). f.m. (43.0%) in comparison to the plants sown on 25 May, but the content of β-carotene did not differ significantly. In other years of the research, with higher air temperatures in September, the content of β-carotene in spaghetti squash fruits was higher for the later sowing date. A study carried out by other researchers shows the significant effect of the sowing date on the total carotenoid and β-carotene content in melon fruits (Wolbang et al. 2010) . The carotenoid content depends on the amount of active radiation absorbed photosynthetically by plants and the temperature during the intensive growth of vegetables (Krzesiński and Knaflewski : years = 1.70, sowing date = 1.70, years × sowing date = 2.95, plant spacing = n.s., years sowing date × plant spacing = 6.00, cultivar = 1.60, sowing date × cultivar = 2.20, years × sowing date × cultivar = 3.81, sowing date × plant spacing × cultivar = 2.19 the highest average air temperature and the lowest amount of rainfall in September, the period of fruit ripening. The increase in the spacing between plants resulted in better sun exposure. The amount and intensity of light during the growing season have a significant effect on the content of total carotenoids in vegetables. Fruits exposed to maximum sunlight contain higher amounts of carotene than shaded fruits of the same plant (Kopsell and Kopsell 2006, Lester 2006) , which was confirmed by the present study. The study did not show any significant effect of plant spacing on the content of L-ascorbic acid in fruits of spaghetti squash (Tab. 4). The content of L-ascorbic acid in fruits was higher for 1 × 0.8 m plant spacing only for plants sown on 5 May. Although light is not essential for the synthesis of L-ascorbic acid in plants, the amount and intensity of light during the growing season have a definite influence on the amount of L-ascorbic acid. L-ascorbic acid is synthesised from sugars supplied through photosynthesis in plants. In general, the lower light intensity during growth, the lower the L -ascorbic acid content in plant tissues (Lee and Kader 2000, Lester 2006 (Paris 1993 , Murkowic et al. 2002 , which was confirmed by the present study. Differences between cultivars in β-carotene content were greater for the sowing dates of 15 and 25 May than for the sowing date of 5 May. Only in 2008 (the year of the lowest mean air temperature and quite heavy rainfall in the second half of August and in September, during the fruit ripening period), with the sowing dates of 5 and 15 May, the content of β -carotene in the 'Pyza' fruits was higher than in the 'Makaronowa Warszawska' fruits. For the sowing date of 15 May, the largest differences in β-carotene content between cultivars were observed with 1 × 1 m plant spacing, and with 1 × 0.6 m plant spacing for the sowing date of 25 May. The L-ascorbic acid content in the fruits of the examined cultivars of spaghetti squash did not significantly differ (Tab. 4). A study carried out in the area of Bydgoszcz found a higher content of carotenoids in 'Pyza' fruits immediately after harvesting, after six months of storage and in frozen fruits. The 'Makaronowa Warszawska' had a higher content of total carotenoids only in marinated fruits. 'Makaronowa Warszawska' fruits contained more vitamin C directly after harvesting in comparison to 'Pyza', but they showed higher losses of this vitamin during storage (Wojdyła et al. 2007 ). In the present study, the content of carotenoids in the fruits of the 'Makaronowa Warszawska' and 'Pyza' was higher and the content of L-ascorbic acid was lower than in the study carried out in the area of Wrocław and in Lithuania (Danilchenko 2002 , Biesiada et al. 2006 . The large differentiation in the content of carotenoids in spaghetti squash fruits was confirmed by studies carried out for other cultivars in Florida and Israel (Paris 1993 , Beany et al. 1998 .
